a bioengineered model of 3D brain-like tissue was developed using silk-collagen protein scaffolds seeded with primary cortical neurons. the scaffold design provides compartmentalized control for spatial separation of neuronal cell bodies and neural projections, which resembles the layered structure of the brain (cerebral cortex). neurons seeded in a donut-shaped porous silk sponge grow robust neuronal projections within a collagen-filled central region, generating 3D neural networks with structural and functional connectivity. the silk scaffold preserves the mechanical stability of the engineered tissues, allowing for ease of handling, long-term culture in vitro and anchoring of the central collagen gel to avoid shrinkage, and enabling neural network maturation. this protocol describes the preparation and manipulation of silk-collagen constructs, including the isolation and seeding of primary rat cortical neurons. this 3D technique is useful for mechanical injury studies and as a drug screening tool, and it could serve as a foundation for brain-related disease models. the protocol of construct assembly takes 2 d, and the resulting tissues can be maintained in culture for several weeks.
IntroDuctIon
Deciphering the structure and function of the brain is of great interest; however, despite enormous efforts toward this goal, the brain remains the least understood organ of our body. Brain research is simultaneously performed at various levels, from studies of development to behavior. Because of its architectural and functional complexity, the brain requires sophisticated interdisciplinary methods and equipment for study. To gain insight into the formation and activity of basic units of the brain, such as the neuronal networks, in vitro research models are used to recapitulate the complexity of the structure and function of native brain tissue. These tissue models aim to reconstruct elementary architectural components of the brain and to study brain cell biology under controlled experimental conditions.
Much knowledge about the biology and signal processing in neuronal networks has been derived from primary brain-derived cells cultured in 2D on tissue culture plastic. Although these cultures are relatively simple and convenient to analyze with a variety of established methods, it is now widely recognized that 3D culture conditions are more physiologically relevant than conventional 2D cultures. Accordingly, 3D tissue models were shown to more faithfully recapitulate disease phenotype for brain disorders such as Alzheimer's disease 1 or microcephaly 2 , suggesting that the use of 3D tissue models is highly significant for basic research, as well as for applications such as drug discovery in the pharmaceutical industry.
3D research tissue models aimed at recapitulating the detailed structural features and functions of native tissues face a major challenge in overcoming the developmental steps of cells and tissues during the maturation of organisms, and a variety of approaches are being pursued including tissue engineering 3 . There has been substantial progress in reconstructing native environments or niches for the cells by generating new materials to support the cells ex vivo; however, the complexity of tissues is far beyond even the most advanced scaffolds and bioreactors available today. Nevertheless, the ability to recreate biomimetic structures by designing microarchitectural features of tissues is available, and such systems can provide structural and functional relevance for complex tissues such as the brain.
Several 3D in vitro research models in the form of cerebral organoids, neurospheroids and hydrogel cultures have been developed to study specific processes of the brain, which are difficult to investigate and manipulate in vivo in animal models or ex vivo in brain slices 3 . In contrast to these models, our short protocol generates bioengineered brain-like tissues by recapitulating the compartmentalized architecture and robust functional neural networks by means of a silk-collagen protein composite scaffold. We have demonstrated the utility of our model in previous studies 4 .
Development of the protocol
We developed a novel model of 3D brain-like tissue by applying an interdisciplinary approach of 'top-down bioengineering' 4 , which involves seeding cells within a biomaterial scaffold to assemble microstructural features that are representative of native tissues. Specifically, we aimed at recapitulating the basic structural features formed during the development of the forebrain cerebral cortex, consisting of gray matter (containing cell bodies) and white matter (containing neuronal axons). We used our expertise in silk protein processing 5, 6 to design scaffold architectures, which provide spatial separation of cell bodies and neural processes. Correspondingly, a silk protein-based porous scaffold in the form of concentrically shaped donuts mimicking the neuronrich gray matter was developed and infused with a type I collagen gel mimicking the axon-rich white matter (Fig. 1) . The shape and size of the silk scaffolds was chosen to fit the dimensions of the 96-well tissue culture plate. The diameter of 6 mm fits ideally in the wells of the plate, and it allows for easy cell seeding and collagen embedding. Nevertheless, depending on the application, the dimensions of the constructs can be adjusted. In order to recapitulate the properties of the native cortex and to establish the suitable conditions for neural growth, the parameters of the construct such as structure, matrix components and mechanical stiffness were systematically studied 4 . Here we describe the most optimal conditions established during the course of the protocol development, which support the development of 3D compartmentalized neuronal networks.
Applications
We have used this protocol previously to show that the 3D brain tissue model can be applied to the study of traumatic brain injury 4 . The tissue model responds in vitro with biochemical and electrophysiological outcomes that mimic observations reported in vivo. Moreover, the tissue model allowed for real-time nondestructive assessments such as local field potential measurement and liquid chromatography on culture medium supernatants, and thus it offered new directions for studies on brain homeostasis and injury. Importantly, the tissue model was shown to be functional for at least 2 months, and it provided a system for both acute and chronic studies relevant to brain structure and function.
This model should be useful as a foundation for other brain-related studies. This protocol can be used by researchers who are interested in the study of synaptic formation between neurons and neural network development, and signaling. Moreover, the cellular complexity of the model can be further increased by the inclusion of other brain-derived cell types such as astrocytes, microglia and oligodendrocytes, in order to study cell-cell interactions and their respective effects on brain structure and function during homeostasis and regeneration and repair scenarios.
The protocol can also be adapted to develop new disease tissue models for disorders such as Alzheimer's disease, Parkinson's disease or epilepsy, by using human patient-derived induced pluripotent stem cells (iPSCs). The differentiation of iPSCs to neurons has been described 7, 8 . Thus, the combination of disease-specific neurons in combination with our protocol could result in new tissue platforms of human neural tissue models for the study of disease and therapeutic options. Alternatively, the protocol can also be used to study various types of brain cancers such as astrocytoma, oligodendrogliomas or ependymomas, along with the formation of secondary brain tumors.
The protocol is based on a tissue engineering approach that uses composite biomaterials consisting of silk-fibroin protein porous scaffolds and collagen type I gel fillers. Thus, the protocol can also be applied, with adaptations, to the study of the influence of variants of the microenvironment on neural network formation and function. While developing the tissue model, we evaluated three types of natural extracellular matrix (ECM)-derived hydrogels: fibrin, Matrigel and rat collagen type I. However, fibrin and Matrigel underwent rapid degradation or contraction and could not sustain the cultures for more than a week 4 . In the current protocol, collagen type I was used as the silk scaffold filler, because of the fact that this soft biomaterial enables excellent neurite outgrowth in 3D, it is easily available and it results in reproducible outcomes. However, new variants of these gels including synthetic hydrogels compatible with neural applications can also be considered [9] [10] [11] . The use of hydrogels tailored to the tissue model based on mechanical stiffness and ligand presentation may further expand the range of applications for this protocol.
Comparison with other methods
Recently, there has been increased interest focused on 3D neural models, resulting in the development of several methods aimed at the reconstruction of brain tissue in vitro. These published methods can be divided into three categories: organoids 2,12-14 , neurospheroids [15] [16] [17] and hydrogel cultures 1, 18, 19 .
Organoids and hydrogel cultures, as with our protocol, are top-down approaches in which scaffolds provide support for the cells toward their appropriate positions and differentiation states within the engineered tissue. However, cerebral organoids, miniaturized rudimentary 3D organs, are developed from stem cells over months of culture under tight control of growth factors, and they suffer from hypoxia, areas of necrosis and variability between samples 2,12-14 . Further, these systems limit compartmental control to study cell-specific features. In addition, hydrogel cultures suffer from contraction or loss of integrity over time, which limits culture times and function. In contrast, our protocol is highly reproducible, rapid to form and consistent in outcome. The neuronal networks can be observed after 3 d of culture, and they are maintained for weeks or months 4 . As shown previously, rat cortical primary neurons can be functionally maintained for >2 months with the silk scaffold 3D culture system, whereas in 2D the same cells mostly die within 3 weeks 4 . Human iPSC-derived neurons can be maintained for several months in both 2D and 3D culture conditions 2, 12 , possibly because of their slow differentiation. In contrast, the longevity of our constructs may be because of the high network connectivity or unique silk protein properties (that is, negative charge of the silk scaffolds may protect the neurons from excitotoxicity, the absence of specific cell signaling domains, maintenance of mass transfer over time because of scaffold stability and porous structure). Moreover, optimal designs with the highly porous structure of the silk scaffold allow for free diffusion of nutrients and oxygen, and thus they prevent metabolic deficits in the tissue constructs to provide more relevant physiological conditions. The hydrogel cultures are based on uniformly dispersed cells inside in situ gelling biomaterials 1, 18, 19 , and they rely on self-directed assembly of cells over time. Similarly, our protocol uses hydrogels as an environment for axonal outgrowth, but at the same time it provides compartmentalized neuronal growth to mimic the architecture of the cerebral cortex. In addition, the use of silk in our protocol results in mechanical stability and ease of handling of the 3D brain tissues, which cannot be achieved with methods based solely on soft hydrogels. The stable silk sponges also serve as anchoring support for the central collagen gel to avoid loss of volume or shape over time while in tissue culture. In contrast to our protocol, neurospheroids as modular units of neural tissues 15 are based on a bottom-up approach of tissue engineering. The microfabricated neurospheroids are formed solely out of neurons, and they are thus limited in size to 150 µm because of the limits of oxygen diffusion. In contrast, our protocol generates 3D tissue constructs in the millimeter range, and the porous silk scaffold structure allows the seeding of high cell numbers (in the range of millions) within a confined volume, resulting in the generation of dense neural networks. Moreover, the architecture of the scaffolds was optimized to meet the metabolic demand of high-density cell cultures in terms of free diffusion of nutrients and oxygen.
To summarize, the protocol has several characteristics that make it an attractive alternative for 3D neural tissue models. Thus, we propose this protocol as a foundation for the establishment and study of new brain-related disease models.
Experimental design
The generation of bioengineered brain-like 3D tissue models consists of three main steps: silk porous scaffold preparation, cortical tissue and cell isolation, and tissue construct assembly. The silk extraction protocol from Bombyx mori cocoons, as well as the preparation of aqueous-based silk porous sponges, was described in detail previously 5 . Similarly, the dissection technique of rodent brain and cortex was described elsewhere 20 , and thus it is not included here. This protocol is focused on the preparation steps to form the 3D neuronal tissues, including scaffold shaping (Steps 1-9), isolation of primary neurons (Steps 10-18) and tissue construct assembly (Steps 19-27).
The rat cortical neurons show excellent growth and survival in the collagen gels; however, this outcome would have to be optimized for neurons derived from other sources or regions of the brain. Users who obtain cells from different species than the rat, such as mouse or human cells, may need to modify the coating procedure of the silk scaffolds and the composition of the filling gel in order to achieve comparable neural outgrowth and the seeding density of cells.
Successful reconstitution of brain-like tissues can be assessed visually using bright-field microscopy by identifying the outgrowth of neurites within the central collagen gel. However, as collagen is not fully transparent, the identification of thin neurites may be difficult for the untrained eye. Thus, in order to evaluate the quality of constructs, we suggest that fluorescent immunostaining (Step 28A) be performed using anti-TUJ1 ( Table 1 ). The outcome of immunostaining can be compared with Figure 2 , in which cell bodies should be localized directly on the silk sponge and outgrowing neurites should form a dense network within the central collagen gel. Moreover, residual astrocytes can be identified among neurons on the silk scaffold (Fig. 3a) . The constructs should maintain the longevity and functionality for several weeks, as demonstrated with gene expression analysis ( Fig. 3b; Step 28B), local field potential measurement ( Fig. 3c; Step 28C) and liquid chromatography-tandem mass spectrometry (LC-MS/MS; Fig. 3d; Step 28D). Overall, 3D brain-like tissue allows for multimodal assessment including genetic, biochemical, structural and electrophysiological measurements, which makes it an attractive model to study brain-related diseases. 
Limitations
One of the most important issues for neuronal cultures using biomaterials is the poor adhesion of neurons to the substrate, as neuronal survival and growth is dependent on attachment. The silk protein alone, although biocompatible, does not support neuronal adhesion because of the lack of specific protein sequences or epitopes recognized by cell membrane adhesive receptors. Moreover, at neutral pH, silk fibroin has a net negative charge that affects the electrostatic interaction with the negatively charged cell membrane 21 . Therefore, silk scaffolds often require precoating to enhance adhesion of cells after seeding. Several treatment options can be used, including poly-d-lysine (PDL), laminin or fibronectin. In this protocol, we treat the silk scaffolds with PDL before cell seeding, which supports robust cell attachment and survival. In addition, we recently identified a putative neuron-specific surfacebinding sequence in the dragline silk protein species that could be engineered into B. mori silk fibers for engineering alternative nontreated biomaterials 22 . Both silk and collagen I are exogenous compounds, which do not occur in native brain tissue. Thus, our model has limited microenvironmental fidelity to the in vivo situation. However, the model successfully recapitulates the basic mechanobiological and functional responses of the brain, including those associated with traumatic brain injury 4 .
The generation of extensive neuronal networks in our tissue model inevitably requires a high seeding density of cells. However, cell number can be varied depending on the nature of the scientific question being addressed and the aim of the experiments. In our experience, increasing numbers of cells to between 0.1 and 4 × 10 6 results in a corresponding increase in the density of networks that form. Apart from primary rat neurons, cells of other origin can be studied in this model. However, the large amount of cells needed may be a barrier to the use of certain cell types. In this case, we suggest optimizing the cell number per scaffold to form a robust neural network.
Because of the 3D character of the tissue model, analysis may require adaptations of methods commonly used in 2D cultures. However, we have previously shown that a variety of assays can be performed, including immunocytochemistry and microscopy, local field potential measurements, cell viability assays, LC-MS and quantitative gene expression 4 . 
MaterIals

REAGENTS Cells
We use primary cortical neurons isolated from embryonic day 18 (E18) Sprague-Dawley rats. The brain tissue dissection protocol was approved by the Tufts University Institutional Animal Care and Use Committee, and it complies with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (Institutional Animal Care and Use Committee B2011-45). The cortical dissection can be performed as previously described 20 , and thus it is not included in this protocol  crItIcal Dissection of cortices from one rat litter takes ~2 h. The cortices should be placed on ice during the dissection process, and cell isolation should immediately follow the dissection to preserve the 
REAGENT SETUP Silk sponges We use silk sponges of pore size 500-600 µm, prepared from 6% (wt/vol) silk solution according to the previously published protocol 5 . The sponges can be stored for weeks at 4 °C immersed in water in a closed container to prevent dehydration. 
Neuronal culture medium
EQUIPMENT SETUP Miscellaneous equipment settings and preparation
The water bath is set at 37 °C. The CO 2 incubator is set at 37 °C with 95% humidity, 95% air and 5% CO 2 . The tabletop centrifuge is set at a speed of 150g, at room temperature. The autoclave settings are as follows: wet cycle 121 °C, 20 min. The microscopy settings are as follows: confocal microscope, 20× objective, 1,024×1,024 pixel image resolution, 1 µm z-step over 100 µm distance.
Stainless steel forceps and microscissors should be sterilized to prevent contamination of cultures. Local field potential setup Recording probe (custom-built) consists of two parallel tungsten electrodes (50-µm-diameter tip and 250 µm of separation between the electrodes) with the signal electrode positioned to record. The signal amplification is done using an amplifier (AM-Systems), filtered at 0.1 Hz to 10 kHz and digitized at 50 kHz. For signal recording, we use Clampex software, version 9.2 (Molecular Devices). For LC-MS/MS analysis we use a triplequadrupole mass spectrometer (3200Q TRAP LC/MS/MS system) using an aminopropyl column (Luna NH2; Phenomenex). Use the gradient method using solvent A, a 95:5 water/acetonitrile solution containing 20 mM ammonium acetate and 20 mM ammonium hydroxide (pH 9.5) and solvent B (acetonitrile). proceDure scaffold preparation • tIMInG 5 h 1| Before use, cut aqueous-based silk sponges hydrated in water to fit the desired dimensions. To obtain uniform disks fitting in a 96-well plate, we suggest using either disposable biopsy punches or a cork-borer set to an outer diameter of 6 mm and an inner diameter of 2 mm (Fig. 1). 2| Adjust the height of the scaffold to ~2-3 mm using scissors.
3|
Place the precut scaffolds in an autoclavable container containing sterile tissue culture-grade water.
4|
Autoclave the scaffolds to sterilize them (wet cycle 121 °C, 20 min). Cool them down to room temperature before using them in further steps.  crItIcal step From this step forward, all the steps should be performed inside the biological safety cabinet using aseptic technique to maintain the sterility of the scaffolds.  pause poInt The sterile scaffolds can be stored in water at 4 °C in a closed container to prevent sample dehydration. Avoid drying of the scaffolds by immersing them in water at all times during storage.
5|
Transfer the scaffolds into a 96-well plate using sterile forceps, by placing one scaffold per well on the bottom of the well.
6|
Aspirate any remaining liquid from the scaffolds.
7|
Apply 100 µl of 0.1 mg/ml PDL solution per scaffold to prepare them for cell attachment. Incubate the mixture at 37 °C in the CO 2 incubator for 1 h. PDL is a positively charged nonspecific attachment factor for cells useful in promoting cell adhesion to solid substrates. PDL enhances electrostatic interaction between the negatively charged cell membrane and the culture surface.
8|
Aspirate the PDL solution and thoroughly rinse it at least twice with sterile DPBS to remove any traces of PDL. Unbound PDL is neurotoxic, and it can lead to a lack of cell attachment to the scaffolds.
9|
Aspirate the DPBS from the wells and apply 200 µl of culture medium per well. Place the scaffolds in the incubator to equilibrate them for at least 1 h before cell seeding.
cell isolation • tIMInG 1 h 10| By using a 25-ml serological pipette, place the dissected rat cortices in a 35-mm Petri dish. Be very gentle during the transfer to avoid mechanical damage to the soft tissues. Apply 5 ml of prewarmed trypsin-EDTA/DNase solution to the tissues and incubate them for 20 min at 37 °C in the CO 2 incubator to digest the tissue.  crItIcal step Keep the incubation time accurate to avoid overdigestion of the tissue.
11| By using a 10-ml serological pipette, collect all the contents of the Petri dish and transfer this to the conical tube containing trypsin inhibitor to stop the digestion. Pipette the mixture 20 times up and down to mechanically dissociate the tissue to a single-cell suspension.  crItIcal step Avoid strong pipetting to prevent cell damage from excessive shear stress. ? troublesHootInG 12| Spin down the cells for 5 min at 150g at room temperature. 17| Move the 96-well tissue culture plate to the incubator overnight to allow for cell attachment to the scaffolds.
18|
The following day, aspirate the culture medium from the scaffolds to remove any unattached cells. Use sterile forceps to move the scaffolds to new uncoated and unseeded wells in the 96-well plate, and then apply 300 µl of culture medium per well. ? troublesHootInG collagen embedding • tIMInG 2 h 19| Place a 15-ml conical tube on ice. Add 10× DMEM (10% of final volume), followed by sodium hydroxide (3% of final volume) and finally collagen type I. Mix the components several times up and down with a pipette, avoiding air bubble formation. If the collagen needs to be diluted to reach the desired concentration of 3 mg/ml, use tissue culture-grade water to fill up the volume.  crItIcal step The collagen solution is viscous, and it requires good pipetting technique to avoid pipetting error. We suggest the use of a reverse pipetting technique as follows. Press the operating button to the second stop. Dip the tip into the solution to a depth of 1 cm and slowly release the operating button. This action will fill the tip. Withdraw the tip from the liquid, touching it against the edge of the collagen bottle to remove excess liquid. Dispense the liquid into the receiving conical tube by depressing the operating button gently and steadily to the first stop. Hold the button in this position. Some liquid will remain in the tip, and this should not be dispensed. The liquid remaining in the tip can be thrown away with the tip. Release the operating button to the ready position.
20| Apply 2 µl of collagen solution onto a pH strip to ensure that the pH of the collagen solution is neutral (pH = 7.4). If necessary, adjust the pH by adding 1 µl more of sodium hydroxide, and mix the collagen solution thoroughly. Repeat this step until a pH of 7.4 is reached. Keep the solution on ice at all times to prevent gelation.  crItIcal step Adjusting the pH to neutral value is crucial to achieve collagen gelation and cell growth. Too high/low pH may affect cell viability and overall success of the assay.
21|
Aspirate the culture medium from the scaffold-containing wells (from Step 18) . Use sterile forceps to move the scaffolds to fresh dry wells, dabbing the scaffold on a dry sterile surface a few times first to ensure that most of the excess liquid is removed.  crItIcal step The scaffolds need to remain hydrated yet free of excess liquid to avoid diluting the collagen during the next step. Quickly proceed to Step 22.  crItIcal step Process one sample at a time for this and the following step, to prevent the cells from drying.
22|
Apply 100 µl of collagen solution from Step 20 per scaffold by pipetting it in the center of the scaffold. This volume should be sufficient to fill in the sample. Avoid air bubble formation. Set the scaffold on a fresh, clean and dry surface before adding the liquid gel. The hydrophobic surface helps contain the liquid gel within the scaffold; otherwise, a wet (or wetted) surface would lead the liquid gel to spread and render it unable to solidify in place.
23|
Move the 96-well plate with the scaffolds to the incubator for 30 min at 37 °C to allow for collagen gelation. If it is gelled successfully, the collagen will turn milky (Fig. 1f) . ? troublesHootInG 24| Apply 200 µl of culture medium per scaffold. Pipette the medium carefully by resting the pipette tip on the wall of the well to prevent mechanical damage to the collagen gel.
25|
Move it to the incubator at 37 °C overnight to equilibrate the constructs.
long-term culture • tIMInG 30 min every 4 d 26| The next day, using sterile forceps, move the constructs from the 96-well plate to the 24-well plate containing 1 ml of culture medium per well. Make sure that the constructs are completely immersed in the medium to achieve nutrient transfer to the cells (Fig. 1g) .  crItIcal step Be gentle and handle the constructs with care while removing them out of the 96-well plate. Abrupt pulling on the scaffolds with the forceps may result in mechanical destruction of the collagen gel. ? troublesHootInG 27| Four days later, feed the cultures by carefully removing half of the culture medium from each well and replacing it with the same volume of fresh medium; this will help to maintain a minimal change to environmental and culture medium conditions. Do not use a vacuum pump to aspirate the culture medium, but remove the medium manually with the pipette. Step 28A, immunostaining: 2 d
Step 28B, isolation of DNA, mRNA and protein: 2 h
Step 28C, local field potential measurement: 30 min
Step 28D, LC-MS/MS: ~4 h
antIcIpateD results
In this protocol, we describe a step-by-step preparation procedure of modular silk protein-based neural tissue constructs, as well as several suggested analysis methods (options A-D, final step). The donut-shaped silk sponges convey the idea of layered brain architecture, which consists of neuron-rich gray matter and axon-rich white matter. The mechanical stability of free-standing silk scaffolds allows for straightforward precutting of material to the desired concentric shape while preserving the highly porous structure of the scaffold with interconnected pore sizes of ~500 µm (Figs. 1a-e and 2a,b) . The porosity of the material and exceptionally high surface area allows a high seeding density of the cells within a confined volume (Fig. 2c) . Moreover, the porosity of the scaffold does not restrict the diffusion of nutrients and wastes, thus resulting in high viability of dense cell cultures over extended time frames of weeks or months 4 . Upon seeding, the neurons rapidly and uniformly attach to the scaffold (Fig. 2c) and grow neurites into the surrounding collagen gel (Fig. 2e-g ). The cell seeding density is proportional to the density of neuronal outgrowths observed in the central area of the constructs reaching saturation at 2 × 10 6 cells per scaffold (Fig. 4) . The collagen gel is essential to achieve compartmentalization of the construct, and collagen should be applied on the silk scaffold shortly after the cell attachment. A delay in the collagen overlay may result in a lack of network formation because of the outgrowth of neurites on the surface of the silk (Fig. 2d) . The collagen overlay requires proper handling of the scaffolds and removal of unattached cells (Fig. 2h) ; otherwise, cell foci can form in the collagen compartment, thus disturbing the analysis of the results during the evaluation of network density by microscopy ( Fig. 2i) . µm, overlayed using maximum intensity and quantified using ImageJ software (NIH). Scale bars, 100 µm. Statistical analysis was performed with the ANOVA test with Dunn's multiple comparison post-test using GraphPad InStat 3 software (GraphPad): ***P < 0.001, **P < 0.01, *P < 0.05. 0.1 versus 0.5: **P < 0.01; 0.1 versus 1: ***P < 0.001; 0.1 versus 2: ***P < 0.001; 0.1 versus 4: ***P < 0.001; 0.5 versus 1: ***P < 0.001; 0.5 versus 2: ***P < 0.001; 0.5 versus 4: ***P < 0.001; 1 versus 2: *P < 0.05; 1 versus 4: ns, P > 0.05; 2 versus 4: ns, P > 0.05. Data shown as individual data points with means ± s.d.; 0.1, n = 35; 0.5-2, n = 50; 4, n = 46. coMpetInG FInancIal Interests The authors declare no competing financial interests.
